Late, transient return of pulsatility: should we change donation after circulatory death protocols?
In this issue of the journal, using 10 years of circulatory death data in Queensland, Cook and Widdicombe present some interesting observations of agonal physiology after withdrawal of cardiorespiratory support (WCRS) 1 . In so doing, they have provided us with a clearer picture of the path from WCRS in a moribund patient, to death and organ donation. They have also identified two cases of spontaneous resumption of pulsatile flow on the waveform of an intra-arterial monitor, or autoresuscitation, later than has previously been described. We are thus encouraged to consider how to interpret these findings and what impact they should have on how and when death should be declared before proceeding to organ donation after circulatory arrest.
Global organ shortages have led to the rapid and widespread growth of donation after circulatory death (DCD). In 2016, DCD donors made up 25% of all deceased organ donors in Australia 2 . The Maastricht classification outlines situations where DCD may be considered (Table 1) .
Cook and Widdicombe describe data from the most common DCD setting, Category III, where WCRS occurs in a deliberate fashion, usually in intensive care (ICU), in patients with irrecoverable injury or illness. The decision to withdraw life support occurs when it is considered by clinicians, in consultation with family, to be no longer in the patient's best interests. This process is separate from considerations regarding organ donation.
Where DCD is being considered, WCRS marks the beginning of organ warm ischaemic time (WIT). The total length of WIT and more specifically the functional warm ischaemic time (fWIT), where blood pressure drops below a threshold for useful organ perfusion (systolic blood pressure <50 mmHg), are critical determinants of organ function immediately after transplantation. A component of this interval is the 'no touch' or standoff time after cessation of pulses on the intra-arterial monitor, to confirm circulatory death-'the irreversible cessation of circulatory and respiratory function' 5 . It is understood that electrocardiographic (ECG) activity may continue for long after this period but electrical silence is not part of the definition of circulatory death.
Editorial
As Cook and Widdicombe point out, the Australian National Health and Medical Research Council and Australian Organ and Tissue Authority (AOTA) recommendations mandate a greater than two minute and less than five minute 'no touch' time, following which interventions for organ retrieval may commence. The mandatory interval varies by state. The purpose of this interval is twofold; firstly it acknowledges that organ procurement should occur as rapidly as possible to maintain optimal organ function after transplantation, and secondly, it attempts to allow compliance with the 'dead donor rule'-that organ donation should not cause or hasten death 6 . The phenomenon of autoresuscitation-also sometimes known as the 'Lazarus phenomenon'-refers to return of spontaneous circulation (ROSC) after initial cessation. Commencing procurement before possible autoresuscitation may be viewed as not to be ensuring 'irreversible cessation of function' in donors. In 2008, there had been no confirmed cases of autoresuscitation after a pulseless interval of 60 seconds. Consequently, a minimum of two minutes was adopted in various DCD protocols around the world. The Australian standard however, is by no means universal, as the American Society of Transplant Surgeons recommends two minutes 7 ; the UK, France and Belgium authorities recommend five minutes; while the 'no touch' period lasts for 10 minutes in Austria and 20 minutes in Italy 8 .
Cook and Widdicombe's data provides additional evidence that return of pulsation is a real phenomenon after WCRS, perhaps occurring at a rate of approximately 3% and occasionally, more than two minutes after the onset of pulselessness. They note two cases where it was documented between two and three minutes after the onset of pulselessness. In the first, pulsatility lasted approximately 13 minutes and in the second, 10 minutes. Both patients were finally confirmed dead 25 and 23 minutes after WCRS, respectively. In some Australian states therefore, these patients would have been pronounced dead and organ retrieval commenced before the temporary return of pulsation event. Prior to this report the longest documented intervals between WCRS-related arrest and temporary return of pulsation was 102 seconds with a possible case of 170 seconds which was not clinically reported 9, 10 . What might be the physiology behind these observations? While still infrequent, autoresucitation is more commonly observed after cessation of cardiopulmonary resuscitation (CPR) 11 . Some putative mechanisms in the post-resuscitation setting may be applicable to WCRS. Hanning et al outlined many possible explanations for autoresuscitation after unsuccessful CPR (Maastricht II) but the slow reduction of auto-PEEP (positive end-expiratory pressure) allowing return of blood to the heart after arrest, and unobserved minimal vital signs are probably the most likely explanation when applied to the WCRS setting 12 . Another interesting theory relates to reflex agonal gasps that may be seen postcirculatory arrest. Lumsden noted in 1923, in a systematic study using cat brains, that gasping was the last respiratory reflex to remain active before brainstem death, and reflex gasping has indeed been commonly documented minutes after circulatory arrest 13 . It is conceivable that postcirculatory arrest gasping, especially against an obstructed airway, may increase venous return to the heart and even provide forward arterial flow allowing temporary return of myocardial contractility and ROSC 14 . Cook and Widdicombe's work is important and its significance may be considered based on the perspective of the observer. Intensivists and clinicians involved in end-of-life care may be reassured by the fact that while autoresuscitation beyond two minutes may occur in approximately 3%-4% of their WCRS decisions, all patients eventually progressed to circulatory death after withdrawal as expected. The data is also extremely useful in improving the ability of clinicians to counsel relatives of patients about the likely course of events and what they may witness while being with their loved ones around the time of WCRS and subsequent death. The physiologist may be stimulated to further explore mechanistic explanations on the phenomenon. Cook and Widdicombe's data was gathered by retrospective audit and not specifically collected for autoresuscitation. Therefore, linking circulatory pressure, ECG and respiratory observations as well as neurological responsiveness before, during and after autoresuscitation events to allow a better explanation of the physiological cause, is not possible. Neither is it possible to say whether more autoresuscitation events would have been seen if the 'no touch' time were longer than five minutes. Cook and Widdicombe point out that the international, Canadianbased Death Prediction and Physiology after Removal of Therapy (DePPaRT) Study may aid in answering some of these questions.
The data presented also highlights the fact that, in the current regulatory environment, autoresuscitation in WCRS situations delays the diagnosis of death for the duration of the circulatory activity, regardless of its effectiveness in organ perfusion, plus a further 2-5 minutes after the pulse is again lost. From the perspective of the transplant team then, the organ WIT and, if ROSC is weak or absent, the fWIT, will be prolonged, which may impair early return of the function of the transplanted organs in the recipients. Improved methods of assessing the health of donated organs prior to implantation may allow clinicians to better understand the implications of such delays. Moving some way toward this, Connellan et al demonstrated in their recent series of DCD heart transplants, all organs with a period of fWIT (nonperfused WIT) >15 minutes required mechanical support after implantation. Further, recipients of these organs had a longer ICU stay and longer hospitalisation than those with a shorter fWIT, though this did not reach statistical significance 15 . Finally, for the patient, if they expressed a wish to be an organ donor, or the family who have consented to donation, the purpose of the WCRS including the no touch time is to allow organ donation to take place. Indeed, if the patient was not being considered for donation there would be no period of standoff or observation after circulation had ceased, before pronouncing death. Thus, it is possible that delayed temporary autoresuscitation may in fact preclude organ donation from taking place by prolonging the WIT beyond the 30-60 minute threshold when the organs remain suitable for transplantation. Hence, the wishes of the patient and family may not be fulfilled and a prospective recipient be left without receiving the much needed transplantation.
Perhaps then, the last perspective that should be considered are those of the bioethicists, the legislators and the general public, reflecting on societal values, utility, slippery slopes, intentions and consequences, intended and otherwise. How should the compromise between ensuring death and saving life through transplantable organs be best managed? And should we review once more, how the dead donor rule should be sensibly applied in DCD, where death caused by the irreversible cessation of circulatory and respiratory function yields organs including hearts and lungs that will function to preserve life in another?
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